8 METHOD !Dae method used to determine the age of the rocks of the "batholiths considered here is "based on lead-alpha activity ratios in the radioactive accessory minerals zircon, monazite, thorite, and xenotime (Larsen and others, 1952 )« The total lead content of each mineral concentrate ms measured by a spectrographie method developed by Mar ing and Worthing (1953) and the alpha activity for each accessory mineral by a thick-source alpha-count ing method. The accuracy of the alpha-activity measurements is believed to be + 5 percent and that for the lead analyses 5 to 10 percent with the lover limit of sensitivity of about 0.1 part per million*
The formula for calculating the age is C Fb T ~ a *
•where T is the age in millions of years, Pb is the lead content in parts per million, a is the radioactivity of the mineral in units of alpha per milligram per hour, and C is a constant equal to 2,632 if all the activity is due to uranium and is 2,013 if all the activity is due to thorium.
The values for the constants used in this report are: 2,^85 for zircon assuming a thorium to uranium ratio of approximately 1; 2,085 for monazite for an assumed thorium to uranium ratio of 25; and 2,550 for xenotime for an assumed thorium to uranium ratio of 0,5* The choice of these values for the constant will yield a maximum error of approximately 7 percent in the age if the assumed thorium to uranium ratio is seriously in error.
For the equation used in this calculation to be valid there must be no primary lead in the mineral analyzed and there must be no addition or loss of lead, uranium, or thorium after the mineral is formed except within the mineral by nuclear disintegration.
PIIMARZ LEAD H EIMCON
The assumption of larsen and others (1952) that the lead in zircon is essentially all of radiogenic origin was primarily based on principles of crystal chemistry of ionic crystals. This approach is based mainly on the knowledge of the ionic radii and charge of the ions to be considered.
As the ionic radii of K* (1.33 A) and Fb"^ (1.33 A) are similar, it would seem that charing crystallization of a magma, lead would concentrate in the potassium-bearing minerals, mainly orthoclase and biotite (table l)» Ordinary lavas like those of the San Juan volcanies contain a smaller amount of zircon which is lower in alpha activity than is generally found in their coarser grained equivalents. This is probably due to the fact that the volcanic rocks have not crystallised beyond the phenocryst stage and the zircon crystallization has not been completed. However, the intrusives associated with the lavas are similar to the more common intrusive rocks in regard to the amount of zircon they contain and to the alpha activity of the zircon. The lead-alpha data for zircon of the San Juan lavas and associated intrusives indicate that they contain very little primary lead, less than two parts per million ( Therefore, the "belief that little lead is incorporated into zircon at its time of crystallization is based on the following;
1. The ionic radii and charge of the ions are unfavorable to the primary crystallization of lead in zircon.
2. The young rocks contain zircon with very little lead, although the lead content in the orthoclase, biotite, and the rock is high.
3* The zircon from rocks of a given province that are low in alpha activity and lead yield ages in agreement with those obtained on zircon containing larger amounts of alpha activity and lead.
ZIRCON, MOMAZITB, XMOTIME, AND THORITE
Zircon is present in nearly all igneous rocks though in gabbros and in some granites it is very small in amount. Gabbros commonly contain a few parts per million zircon which is very low in alpha activity. Zircon is relatively abundant in the tonalites, averaging about 100 to 200 parts per million, and is present in about the same amount in granodiorites. The amount of zircon in quartz monzonites is variable but generally small.
In general, the zircons from the more siliceous rocks have greater alpha activity. In the rocks of the bathollth of southern California the alpha activity of the zircon from tonalite averages jkQ a/mg/hr, zircon from the granodiorites averages 800 a/mg/hr, and it varies widely in the quartz monzonites but averages 1,300 a/mg/hr* Some muscovite granites carry less zircon than do the ordinary granites, but the zircon is generally higjh in activity.
Monazite and xenotime have been found in a few granites and quartz monzonites, especially those with garnet and museovite, Monazite -was found without xenotime, but xenotime invariably seems to be associated with monaziteo
Thorite has been found chiefly in granodiorites* This thorite is isotropic, nonmagnetic and with n = 1«?6 + «, It is concentrated with the zircon, and age measurements on mixed samples of thorite and zircon have yielded consistent ages. Acid treatment dissolves thorite while fresh zircon is insoluble. Thus, an age can also be obtained on the concentrate consisting entirely of zircon.
Monazite, xenotime, and thorite seem to be as satisfactory as zircon for age measurements. They contain greater amounts of alpha activity and lead and, hence, are especially suitable for young rocks. Although most of the age determinations have been made on zircon, a comparison of the results obtained on two or more minerals from the same rock or associated rocks is given in table k.
•17 intrusion of the batholith; erosion to a mature surface; deposition of gravels followed by deposition of fossiliferous Upper Cretaceous sediments (Larsen, .
A composite batholith such as the batholith of southern California was not intruded at one time but over a range of time. The order of injection follows in a general way from gabbro to tonalite to granodiorite and finally to quartz monzonite and granite. Larsen (19^5) has estimated that the time required for crystallization of the batholith is on the order of a few million years. The average age determined on the tonalites is Il4 + 10 million years (table 6) The average age for the 25 specimens of the batholith is 110 jh 13 million years. The lead-alpha age determinations suggest that the Sierra Nevada batholith is early Late Cretaceous* From the geologic control alone, either of the two ages is possible for the main mass of Sierra Nevada batholith. It underlies an area of about 90,000 square miles, The southern parts of the mass are given separate names, but they form essentially a single unit.
In southern British Columbia, Smith and Stevenson (1955) We agree with these authors regarding the progressive eastward emplacement of the intrusives in the order of increasing silica content, but believe that the time elapsed between the emplacement of the extreme rock types is probably only a few million years. This was followed after / ..
-----------\mi.
9, 10 (9-5) (table 11 ).
The Alaskan rocks described in greater detail by Matzko, Jaffe, and Waring (1957) , are believed to be Late Jurassic or Early Cretaceous on the basis of geologic evidence in southeastern Alaska (Buddington and Chapin, 1929) . is much like that of the Sierra Nevada, • zircon + monazite x zenotime o thorite 58 related to the rocks of the southern California batholith. Lipson (195&) has applied the potassium-argon method to micas from a series of igneous rocks from the Sierra Nevada and obtained ages of about 90 million years. 
